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Double blind study of intrathecal beta-interferon
in multiple sclerosis: clinical and laboratory
results

C Milanese, A Salmaggi, L La Mantia, A Campi, M Eoli, M Savoiardo, G Bianchi,
A Nespolo

Abstract
Sixteen patients with clinically definite
MS admitted to a double blind random-
ised controlled trial of intrathecal
natural beta-IFN were followed for a
mean of 22 months including the six
month treatment period. Clinical
response, evaluated in terms of relapse
frequency and of progression rate,
showed an increase in relapse rate in
treated patients during the six month
treatment period and, overall, no benefit
in treated versus placebo patients. Serial
evaluations were made of cerebrospinal
fluid (CSF) cells, IgG, myelin basic
protein and CSF and blood T-cell sub-
sets. A rise in CSF IgG Index, MBP and
DR+ cells in IFN-treated patients
suggested an activation of intrathecal
immune response in treated patients.
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Interferons (IFNs) have been proposed as a
treatment for multiple sclerosis (MS) because
of the evidence that a viral infection, an

immunoregulatory defect' or both may be
implicated in the pathogenesis of the disease.
Defective production of type I IFN and
reduced natural killer (NK) activity in
peripheral blood have been reported in MS
patients' and it is known that natural beta
IFN is a booster ofNK activity.5

Intrathecally administered beta-IFN has
been reported to reduce exacerbation rate in
relapsing-remitting MS patients,6 while no

effect was observed when beta-IFN was given
intravenously.7 Results with systemic alpha
IFN are still controversial,89 while gamma
IFN has been proven to activate the disease.'0
To assess the efficacy of intrathecal natural

beta IFN in reducing relapse rate or progres-
sion of the disease, we carried out a double
blind study on MS patients with relapsing and
progressive course. Biological activity was
assessed by monitoring the following
parameters: CSF IgG, cells, IgG-Index,
myelin basic protein (MBP), CSF and
peripheral blood (PB) T-lymphocyte subsets.

Patients and methods
Clinically definite MS," both relapsing-
remitting (RR) and progressive (P) patients
were included, according to the course of the
disease in the year preceding the entry. Selec-
tion criteria included: active disease (one or

more exacerbations per year for RR patients or
an increase of one or more points of disability

score (DS) in the last two years for P patients),
no corticosteroids or immunosuppressive
treatment in the previous three and six months
respectively, DS at entry less than seven.'2
Before entry, all patients were regularly foll-
owed in our outpatient clinic, most since the
onset of the disease or for at least two years.
Informed consent was obtained from all
patients. The study was approved by the
Regional Scientific Committee.
One million units of beta IFN were injected

by lumbar puncture twice in the first week,
then weekly for the next three weeks and
monthly for five months.
At each lumbar puncture CSF was obtained

for analysis. Control patients had a sham
lumbar puncture (that is, subcutaneous injec-
tion of 2 ml of distilled water) according to the
same schedule; a true lumbar puncture was
performed at the beginning and the end of
treatment for CSF analysis. To preserve the
blind nature of the trial, both recipient and
control patients took indomethacin im 50 mg
every six hours on the day of each treatment to
reduce the side effects of IFN.

Natural beta IFN (Cytotech-Martigny CH)
was produced by stimulation of human
foreskin fibroblasts (FS 4) by Poly-I, Poly-C
and subsequent purification by silicic acid and
zinc-chelate chromatography. MRI examina-
tion was performed at the beginning and the
end of treatment, by a resistive magnet operat-
ing at 015 Tesla, using the Spin-Echo tech-
nique (TR 1000, TE 50, 100, 150 and 200 ms);
at each examination at least six sections, 10 mm
thick, in the transverse, sagittal and coronal
planes, were obtained, according to a standar-
dised protocol to obtain exactly comparable
sections. MRI was considered better or worse
when a reduction or an increase in size and/or
disappearance of old lesions or the appearance
of new lesions occurred.
Complete CSF analysis, including MBP

quantitation (evaluated by RIA, Diagnostic
System Laboratories, Webster, Texas, USA)
was performed in treated and control patients
at each true lumbar puncture. Peripheral blood
and CSF T-lymphocyte subsets (OKT3, T4,
T8, NK and DR, antisera Ortho, Raritan, NJ,
USA) were concomitantly assessed, as reported
elsewhere.'3 IFN levels were assessed by
biological titration (inhibition of infection of
human foreskin cells by Indian-type vesicular
stomatitis virus).

Statistical analysis was performed by the
Mann-Whitney U two tailed test, comparing
data in treated and control patients as well as
pre- and treatment data in each subgroup.
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Neurological examination with scoring for
disability"2 was performed by a physician blind
to the trial on the day preceding each lumbar
puncture and every three months after the
treatment cycle. An additional neurological
assessment was performed for new episodes.
An episode is defined as the occurrence of new
symptoms and signs, lasting for more than 24
hours. Progression rate was calculated by
dividing DS or changes in DS by the relevant
period of time in months (overall pre-trial
disease duration, or two years preceding the
trial, or six months treatment period, or two
years follow up).

A) Clinical results
Sixteen patients were included in the study.
Eight (three males and five females) were
randomly assigned to IFN, and eight (two
males and six females) to the control group.
Their clinical data before entry are shown in
table 1. Except for the progression rate, which
is slightly higher in the control group, no
significant differences existed between the two
treatment groups.

In February 1989, patients had been
followed for 10-24 months: mean follow up was
22-7 months for treated patients and 21 months
for controls. Compared with the two year pre-
trial value, mean relapse frequency (number of
episodes/patient/year) during treatment was
significantly increased in recipients (from 1 -87
to 5, p = 0 01), while it was unchanged in
controls. During the six months of treatment,
the annual relapse frequency was higher in
IFN-treated than in placebo-treated patients (5
versus 1-5, p = 0 005) (fig 1). At the end of the
follow up, episode frequency was still higher in
recipients than in controls (2-88 versus 1 77/
year) but this difference did not reach statistical
significance (p = 0117) (fig 1). During the
entire follow up, all patients, both RR and P,
displayed episodes (frequency range from 0-6-
5-5 (treated), 0-5-5-2 (control)) during the
treatment; episodes occurred in all treated
patients (from two to 10 per year), and in four
ofthe eight controls (from two to four per year).
Two RR patients (one IFN and one placebo)
started to progress during the study. At the end
of the follow up, deterioration of neurological
conditions occurred both in treated (mean
DS 5-7) and in controls (mean DS 5-4)
(p = 0 48). During the period of treatment,
increase in DS was more marked in treated
patients (from 4-12 to 5-2) than in controls
(from 4 62 to 4-7), but difference was not
statistically significant (p = 0-68) (fig 2a).
However, more patients in the treated (7/8)

Table 1 Pretrial clinical data (16 points)

Features IFN (8 points) Controls (8 points)

Mean age at onset (years) (range) 24-5 (15-46) 27-6 (17-38)
Mean disease duration (years) (range) 6-8 (3-17) 6-75(1-15)
Disease course RR 5 5

P 3 3
Mean relapse frequency total 1-65/year 1-25/year

last 2 years 1-87/year 1-5/year
Mean DS (range) 4 12 (15-7) 4-62 (2-65)
Mean progression rate (range) 0-06 (0-019-0-09) 0-091 (0-025-0-166)
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Figure I Relapse frequencies (mean and SD) in treated
and control patients before and during treatment and
follow up.

than in the control group (5/8) had deteriorated
at the end of follow up (fig 2b).

All six progressive patients (both the three
placebo and the three IFN-treated)
deteriorated, while of the 10 RR patients, six
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Figure 2 (a) Disability Score (mean and SD) in
treated and control patients before and during treatment
andfollow up; (b) Comparison ofpre-study andfinal
Disability Score in each patient.
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Figure 3 Progression rate
(mean and SD) in treated
and control patients before
and during treatment and
follow up.
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deteriorated (4/5 IFN- and 2/5 placebo).
Progression rate increased in recipients during
treatment (from 0-06 to 0 17), and returned to
the pre-study value at the end of follow up
(0 07). Compared to the pre-study value the
differences were not significant (p = 0-24 at
six months and p = 0-32 at the end of follow
up). However, PR was significantly higher in
recipients (017) than in controls (0) during
treatment, even if care was taken not to assess

DS during the episodes (fig 3). The difference
was significant (p = 0-005), due both to
deterioration in treated patients and to
improvement in controls.

Before treatment, MRI was positive for
multiple areas of demyelination in all patients.
At the end of the treatment, MRI findings were
worse in three and unchanged in five of the
recipients, while in the control group they had
deteriorated in two, unchanged in five and
improved in one. Variation of MRI aspects did
not correlate with the clinical evolution both in
treated and in control patients.

Side effects were more frequent and more

noticeable in treated than in control patients
(table 2). In treated patients, fever (less than
38 5°C) subsided within the 48 hours after
injection; in some patients two peaks (at six and
30 hours) and in others a single peak (at eight or
24 hours) were observed. Episodes occurring
during the six month treatment period were not
related to hyperpyrexia. Myalgia, asthenia and
nausea were also more frequently reported by
treated patients than by controls, and were

experienced on more than one occasion.
Headache was also an equally frequent com-

plaint in treated and control patients. Despite
the higher frequency of side effects in
recipients, blindness of the study was not
hampered: nine patients thought that they had

Table 2 Side effects

IFN (8 points) Controls (8 points)

Fever 6 3
Headache 6 4
Myalgia 4 2
Fatigue 5 1
Nausea and vomiting 6 3
Skin rash 0 2

been treated (five IFN and four controls), five
patients thought they had not (two IFN and
three controls) and two patients had no opinion
(one IFN and one control).

B) Laboratory results
All treated patients displayed a peak in CSF
cells (from 110 to 550/mm', mostly lym-
phocytes), within the second week of treat-
ment. The values decreased during the second
month and remained low. CSF proteins dis-
played a slight increase in treated patients,
reaching their peak at different times in the
various patients. In all treated patients IgG
Index increased transiently during the first
month, from a mean value of 2-7 to 3 9 in those
with an abnormal baseline Index, and from 0-7
to 1 1 in those with a normal baseline value.
A rise of the mean value of CSF MBP was

observed during the first month of treatment
(from 1 98 ng/ml to 4 09 ng/ml), after which
mean values decreased steadily until the end of
the six month cycle of treatment (mean value
2 37 ng/ml). CSF MBP values changed during
treatment following two main patterns: 1) in
four patients, all with relapsing-remitting
course, MBP levels rose and had their peak
within the first month of treatment, falling to
nearly baseline levels at the end of the treat-
ment; 2) in four patients, three with a progres-
sive and one with a relapsing-remitting course
turning to progressive during the study, MBP
levels showed little change during the first
month, but rose thereafter in three.
Mean values of blood T-cell subsets were

similar in treated and control patients, before
and during treatment, except for a transient
decrease of T4/T8 ratio seen in treated
patients, three days after the first IFN adminis-
tration. As far as CSF T4/T8 ratio is con-
cerned, progressive patients displayed wide-
amplitude fluctuations more often than RR
patients, regardless of treatment. CSF NK
cells were low (less than 5%) before and after
treatment both in treated and control patients.
In all treated patients CSFNK cells were lower
than the PB; however, transient rises occurred
in six patients, in four after the third and in two
within the first month of treatment. In
individual patients CSF NK values did not
parallel PB changes.
CSF DR + cells were similar in treated and

control patients before (1O 0-0% and 15 8%) and
after (14 2% and 11-37%) treatment. In
individual patients marked fluctuations ofCSF
DR + cells were observed during treatment.
When mean values of CSF DR+ cells in
treated patients were expressed as a percentage
of baseline values, a marked rise was detected
after the fourth lumbar puncture (fig 4). In
individual patients no clear correlation was
found between T-cell subset fluctuations and
clinical exacerbations.
Beta-IFN concentrations were analysed in

CSF and serum in two treated and three control
patients: concentrations in CSF reached a peak
at the second lumbar puncture in treated
patients, but fell quickly to be undetectable at
the sixth and eighth lumbar puncture. IFN was N
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Figure 4 Mean CSF
DR + cells variation,
expressed as percentage of
baseline values, in IFN-
treated patients.
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detected in the serum of one placebo patient
from the third lumbar puncture to the end of
treatment and in two other placebo patients on
just one sample.

Discussion
The clinical results of our study conflict with
the favourable response to intrathecal beta-
IFN reported by Jacobs.6 Both episode
frequency and progression of disability
increased in IFN-treated patients during the
trial. Different results cannot be ascribed to
treatment: we used the same type of IFN, the
same timing, dose and route of administration
as Jacobs. Our preparation was purified by
silicic acid and zinc-chelate chromatography,
yielding an activity of 2- 1iO IRU (International
Reference Units) ofbeta-IFN/mg ofprotein. It
is possible that minor differences in the
purification protocol can account for differen-
ces in clinical results.
One possible explanation might reside in

patients' selection: all patients in Jacob's study
had a relapsing-remitting course, while six of
our patients had a progressive course. In a
previous study by Knobler8 with im alpha-
IFN, a clear reduction in relapse frequency was
observed only in purely exacerbating-remitting
patients and not in exacerbating-progressive
ones. However, we observed an increase in
relapse frequency in RR patients and
appearance of relapses in chronic progressive
ones. The increase we observed in relapse rate
occurred mostly during the six month treat-
ment period, agrees with the report by Jacobs
for the first two months. Since our mean follow
up is 22 months, it is possible that a further
reduction in relapse rate could be seen in a
follow up oftwo years as in the study by Jacobs.
IFNs induce expression of Class I and Class

II antigens and ofseveral other surface markers
on macrophages, enhancing immune activity.'4
It is well known that the HLA antigens'
association with MS in Italian patients are
different from those reported in other
populations.'5 Different HLA haplotypes may
imply differences in response to exogenous
IFNs. Surprisingly, our results closely resem-
ble those obtained by Panitch et al with sys-
temic iv gamma-IFN.10 Our immunological
data confirm that intrathecal administration of
natural beta-IFN evokes an acute meningitic
reaction with lymphocytic pleocytosis (mostly
during the first week) and a rise in CSF total
protein. Furthermore, the sharp rise in CSF
MBP in remitting patients, the transient rises
in IgG Index, in CSF NK + cells and the late

increase in CSF DR+ cells in treated patients,
point to an IFN-induced intrathecal immune
activation.

Recent evidence"6 suggests that beta-IFN in
vitro may exert an antagonistic dose-dependent
effect on gamma-IFN induced expression of Ia
antigen in murine macrophages. This effect is
seen only when beta-IFN is present either
before or together with gamma-IFN, while no
effect is seen if gamma-IFN has been added
before.
These interrelationships might explain fluc-

tuations in biological activity of beta-IFN
depending upon the presence of in vivo gam-
ma-IFN, the production of which is still a
matter of debate in MS.2 1718 Due to the
conflicting results of trials with IFNs, and to
the incomplete knowledge of their mechanisms
of action in MS, the therapeutic use of IFNs in
MS remains questionable. Further studies are
necessary to evaluate the therapeutic efficacy of
IFNs in MS. Careful immunological monitor-
ing will help to improve the knowledge of the
mechanisms of action and to select the likely
responders to IFN therapy.
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